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Research	  Objec-ves	  
•  Objec-ve	  1:	  Develop	  sta-s-cal	  models	  of	  mosquito	  
popula-on	  dynamics	  and	  WNV	  incidence	  using	  AMSR-‐
E	  land	  surface	  parameters.	  

•  Objec-ve	  2:	  Compare	  the	  performance	  of	  the	  AMSR-‐E	  
driven	  models	  with	  similar	  models	  derived	  from	  other	  
sources	  of	  environmental	  monitoring	  data	  to	  quan-fy	  
improvements	  in	  the	  forecas-ng	  of	  mosquito-‐borne	  
disease	  outbreaks.	  

•  Objec-ve	  3:	  	  Generate	  WNV	  risk	  forecasts	  from	  models	  
based	  on	  AMSR-‐E	  variables,	  disseminate	  these	  
predic-ons	  to	  public	  health	  prac--oners,	  and	  obtain	  
qualita-ve	  feedback	  on	  the	  value	  and	  u-lity	  of	  these	  
predic-ons.	  



Objec-ves	  1	  and	  2	  
•  Compared	  environmental	  
models	  based	  on	  AMSR-‐E	  
land	  surface	  parameters	  
versus	  meteorological	  
variables	  

•  Models	  based	  on	  AMSR-‐E	  
had	  be\er	  fits	  
–  Frac-onal	  water	  strongly	  
associated	  with	  Aedes	  
vexans	  

–  Vegeta-on	  opacity	  
improved	  the	  fit	  of	  the	  
Culex	  tarsalis	  model	  



Overview	  of	  Major	  Results	  
•  Model	  evalua-on	  
–  Cross-‐valida-on	  indicated	  
high	  poten-al	  for	  
predic-ng	  mosquito	  
ac-vity	  at	  the	  same	  
loca-on	  where	  the	  model	  
was	  parameterized	  

–  Valida-on	  against	  data	  
from	  an	  independent	  site	  
indicated	  moderate	  
poten-al	  for	  predic-ng	  
seasonal	  and	  interannual	  
variability	  at	  different	  
loca-ons	  



Summary	  –	  Mosquito	  
Popula-on	  Models	  

•  Remote	  sensing	  data	  were	  
as	  effec-ve	  as	  weather	  
sta-on	  data	  for	  modeling	  
mosquitoes	  

•  Unique	  measurements	  of	  
biophysical	  Earth-‐surface	  
characteris-cs	  -‐	  not	  
simply	  a	  remote	  “proxy”	  
for	  ground	  data	  

•  Integrates	  informa-on	  
over	  broad	  spa-al	  extents	  



Objec-ve	  3	  

•  The	  AMSR-‐E	  antenna	  stopped	  
spinning	  at	  0726GMT	  Oct	  4,	  
2011	  most	  likely	  due	  to	  aging	  
lubricant	  in	  the	  mechanism...	  	  

•  Overcame	  the	  loss	  of	  AMSR-‐E:	  
–  Developed	  and	  tested	  
forecas-ng	  models	  using	  MODIS	  
and	  other	  sources	  of	  op-cal-‐IR	  
RS	  data	  

–  Used	  NLDAS	  data	  to	  scale	  up	  to	  
the	  na-onal	  level	  and	  improve	  
temporal	  resolu-on	  in	  SD	  



Modeling	  WNV	  Incidence	  in	  Humans	  
Across	  the	  Northern	  Great	  Plains	  

•  Response	  Variable	  –	  Log	  rela-ve	  risk	  (LRR)	  computed	  for	  
each	  county	  in	  each	  year	  

•  Predictor	  Variables	  –	  Cumula-ve	  environmental	  metrics	  
for	  different	  days	  of	  the	  year	  (DOY	  105-‐217	  at	  8-‐day	  
intervals).	  

•  Fit	  generalized	  addi-ve	  models	  (GAMs)	  to	  historical	  
environmental	  and	  case	  data	  

•  Predict	  using	  2011	  environmental	  data	  
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Ecological	  Forecas-ng	  
•  Models	  developed	  using	  
lagged	  environmental	  
indices	  from	  MODIS	  
–  Land	  surface	  temperature	  
–  Vegeta-on	  indices	  
–  Actual	  evapotranspira-on	  

•  Regional	  predic-ons	  
–  2011:	  Low	  risk	  
–  2012:	  High	  risk	  
–  2013:	  Low	  risk	  



Na-onal-‐Level	  Analysis	  

•  Three	  zones	  with	  large	  
WNV	  clusters	  in	  2012	  
–  Upper	  Midwest	  
–  Northern	  Great	  Plains	  
–  South	  Central	  

•  Is	  interannual	  
variability	  in	  human	  
WNV	  cases	  associated	  
with	  climate?	  

•  Used	  monthly	  NLDAS	  
data	  	  
–  FORA0125M.002	  

2012	  WNV	  Incidence	  Rates	  

July	  2012	  NLDAS	  Temperature	  	  
Anomalies	  
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Sta-s-cal	  Analysis	  
•  Dependent	  Variable:	  	  
– WNV	  rela-ve	  risk	  based	  on	  data	  from	  the	  USGS	  disease	  
map	  archive	  (CDC	  ArboNET	  surveillance	  program)	  

•  Independent	  Variables:	  	  
– Monthly	  precipita-on	  and	  temperature	  anomalies	  
computed	  using	  monthly	  North	  American	  Land	  Data	  
Assimila-on	  System	  (NLDAS)	  data	  

–  Summarized	  for	  the	  twelve	  months	  (October-‐September)	  
encompassing	  and	  preceding	  the	  main	  WNV	  transmission	  
season	  (July-‐September)	  

•  Par-al	  least	  squares	  regression	  (PLSR)	  used	  to	  extract	  a	  
small	  number	  of	  independent	  latent	  climate	  variables	  
that	  maximized	  the	  explained	  variance	  of	  LRR.	  



PLSR	  Biplots	   LRR	  

Points	  close	  together	  have	  similar	  clima-c	  
anomalies	  and	  point	  size	  reflects	  the	  
rela-ve	  WNV	  rate	  for	  each	  county/year.	  
Arrows	  represent	  correla-ons	  of	  clima-c	  
variables	  with	  each	  component	  	  
(T=Temperature,	  P=Precipita-on,	  
Month=1-‐12).	  	  



PLSR	  Coefficients	  
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Summary	  –	  Na-onal-‐Level	  Analysis	  
•  Interannual	  variability	  in	  WNV	  incidence	  was	  
posi-vely	  associated	  with	  temperature	  anomalies	  
in	  three	  regions	  of	  the	  United	  States.	  

•  The	  strongest	  associa-ons	  with	  temperature	  
variables	  occurred	  during	  the	  winter	  and	  early	  
spring	  (December-‐March)	  preceding	  the	  main	  
transmission	  season	  (July-‐September).	  	  

•  The	  seasons	  of	  strongest	  clima-c	  associa-ons	  
with	  WNV	  varied	  between	  regions,	  likely	  
reflec-ng	  differences	  in	  vector	  species,	  host	  
species,	  and	  geographical	  context.	  



NLDAS	  Applica-on:	  Weekly	  Predic-on	  
of	  WNV	  Risk	  in	  Eastern	  SD	  

•  Focused	  on	  temporal	  
pa\ern	  of	  WNV	  cases	  in	  
eastern	  SD	  

•  Used	  hourly	  NLDAS	  product	  
(FORA0125H.002)	  
summarized	  at	  a	  weekly	  
level	  

•  Developed	  mul-level	  
Poisson	  regression	  models	  
incorpora-ng	  lagged	  
epidemiological	  	  and	  
environmental	  data	  

Annual	  WNV	  Incidence/100,000	  



Model	  1:	  Includes	  Total	  WNV	  Cases	  
from	  the	  Previous	  Year	  

•  Weekly	  WNV	  case	  numbers	  were	  associated	  
with:	  
– Previous	  years	  WNV	  cases	  (+)	  
– Previous	  Dec-‐Jan	  mean	  temperature	  (+)	  
– Mean	  temperature	  at	  1,	  2,	  and	  5	  week	  lags	  (+)	  
– Precipita-on	  at	  6,	  7,	  and	  8	  week	  lags	  (+)	  



Model	  1:	  Includes	  Total	  WNV	  Cases	  
from	  the	  Previous	  Year	  

2013:	  84	  cases	  predicted,	  	  
~	  90	  cases	  observed	  	  	  

Truncated	  20-‐week	  `me	  series	  for	  each	  year	  	  



Model	  2:	  Includes	  WNV	  Cases	  at	  a	  2-‐
Week	  Lag	  

•  Weekly	  WNV	  case	  numbers	  were	  associated	  
with:	  
– WNV	  case	  numbers	  at	  a	  2	  week	  lag	  (+)	  
– Previous	  Dec-‐Jan	  mean	  temperature	  (+)	  
– Mean	  temperature	  at	  1	  and	  2	  week	  lags	  (+)	  
– Precipita-on	  at	  6,	  7,	  and	  8	  week	  lags	  (+)	  



Model	  2:	  Includes	  WNV	  Cases	  at	  a	  2-‐
Week	  Lag	  

Truncated	  20-‐week	  `me	  series	  for	  each	  year	  	  



Links	  to	  Public	  Health	  Decision	  Support	  

•  Mechanisms	  for	  providing	  informa-on	  to	  public	  health	  
decision	  makers	  in	  SD	  
–  Presenta-ons	  at	  annual	  West	  Nile	  virus/mosquito	  control	  
conferences	  (2012,	  2013)	  

–  Par-cipa-on	  in	  regular	  statewide	  conference	  calls	  during	  
the	  West	  Nile	  virus	  season	  

–  Dissemina-on	  of	  risk	  maps	  and	  forecasts	  via	  the	  internet	  
•  Importance	  of	  blending	  ecological	  forecasts	  with	  other	  
sources	  of	  surveillance	  data	  
–  Epidemiological	  surveillance	  
–  Entomological	  surveillance	  



Epidemic	  Prognosis	  Incorpora-ng	  Disease	  
and	  Environmental	  Monitoring	  for	  
Integrated	  Assessment	  (EPIDEMIA)	  

	  

Local	  public	  health/	  
mosquito	  control	  

Connect	  remotely-‐sensed	  environmental	  monitoring	  with	  	  
epidemiological	  and	  entomological	  surveillance	  



Links	  to	  Public	  Health	  Decision	  Support	  

•  Invest	  in	  public	  awareness	  and	  educa-on	  
campaigns	  

•  Allocate	  resources	  for	  adult	  mosquito	  control	  
efforts	  (prevent	  transmission	  to	  humans)	  
– Nuisance	  mosquitoes	  	  
(Aedes	  vexans)	  

–  Vector	  mosquitoes	  	  
(Culex	  tarsalis)	  

•  Trigger	  larval	  	  
control	  efforts	  to	  	  
prevent	  amplifica-on	  





Major	  Accomplishments	  and	  Lessons	  
Learned	  

•  Achieved	  our	  overarching	  goal	  of	  improving	  WNV	  
forecas-ng	  applica-ons	  for	  incorpora-ng	  novel	  
streams	  of	  earth	  observing	  data	  

•  Demonstrated	  how	  applica-ons	  can	  help	  drive	  the	  
science	  
–  Value	  of	  making	  and	  cri-cally	  evalua-ng	  real	  forecasts	  
–  Importance	  of	  “staying	  in	  the	  game”	  

•  Strengthened	  rela-onships	  with	  public	  health	  end	  
users	  
–  Public	  health	  professionals	  understand	  the	  poten-al	  of	  	  
remote	  sensing	  

–  Remote	  sensing	  scien-sts	  understand	  decision	  support	  
needs	  
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